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EXAMINATION METHOD AND APPARATUS 


FIELD OF THE INVENTION 


The invention relates to a method and an apparatus fcjr detection 
of ionizing radiation. 


BACKGROUND OF THE INVENTION AND RELATED ART 


Radiographic imaging detectors comprising an array 
sensors to capture a radiation-generated image are 
the art. A collimated radiation beam is intensity 
it passes through a radiation-absorbing subjec 
transmitted beam as detected thus represents an 
of the absorption by the subject , which in turn is 
the elemental composition , density, and thickn< 
subject. 


W€ll 


inv erted 


To improve contrast the broadband radiation from an 
is heavily filtered before being used for radiograph 
It is well known that at X-ray photon energies typj 
the photoelectric absorption is decreased as a power 
X-ray photon energy increases, while unwanted 
increased. 


high* >r 


For soft tissue the photoelectric absorption is 
rapidly at energies above about 20 keV and this 
ray radiation does not contribute to the image 
reduces the contrast in the image. Thus, higher 
filtered out from the radiation. 

SUMMARY OF THE INVENTION 
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A problem with the known kind of approach is that most X-ray 
tub s have low fficiency at such low photon energy as 20 keV, 
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i.e. the number of X-rays per unit power supplied to 
low. 


Further, all x-ray tubes emit radiation within a 
spectrum. Typically, metallic foils filter the 
the X-ray tube, but simultaneously the flux of 
reduced. Thus, large load has to be put on the X- 
obtain a reasonable radiation flux downstream 
foils. Also, the relatively low flux affects the 
in an adverse manner, i.e. makes it long, which 
the applicability of the technique. 
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Another issue of high importance is the radiation 
subject in case it is a living organism or part 
the development of efficient collimators, appropriate 
and sensitive detector arrays during the last d 
effectively reduced the radiation dose; still there 
do. Further reduction of the radiation dose is 
mechanism in detector design of today. 
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While 
filters, 
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is much to 
a driving 


A main object of the invention is therefore to prov 
and an apparatus for examination of a subject 
the above-identified problems as being related wit 
art. 


In this respect there is a particular object to 
method and such an apparatus, which provide for tht 
of only small amounts of energy in a subject to be e: 


A further object of the invention is to provide 
and such an apparatus, which provide for the pot 
using broadband radiation for the measurement. 


A still further object of the invention is to 
method and such an apparatus, wher in radiation in 
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range is used, in which the risk of under- or over exposing s :me 
areas of the image is reduced. 

provide 


Yet a further object of the invention is to 
method and such an apparatus, wherein radiation 
energy range, and especially at high photon energ 
detected with high efficiency. 

These objects, among others, are attained by 
apparatuses as claimed in the appended claims. 
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The inventors have found that by preventing Compter* 
radiation from being detected, and by providing 
radiation within a spectral range such that more 
much more photons, of the ionizing radiation 
scattered than absorbed through the photoelectric 
subject to be examined, an entirely new field of rad 
up. Since the probability of scattering is essentia 
for a broad spectrum of photon energies, broadbanli 
including higher energies can be used for the detection 


examii ed 


Variations in an image, captured at photon 
enough to mainly obtain Compton scattering in the 
substantially due to the density only of the 
provided that its thickness is constant, or 
corrected for. This is true since the attenuation 
for Compton scattering at photon energies of 10 
only weakly dependent on atomic number and photon 
is in sharp contrast to photoelectric absorptior 
heavily dependent on energy, and even more depender 
number. Thus, the radiation image obtained is 
shadow image of the density variations in the 
examined. 
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such 


1 he 


1 he 
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In some radiographic applications, howev r, 
tissue applications including e.g. mammography, 
variations may be very small, and therefore the 
the recorded images is very low. According to 
invention, a suitable contrast-enhancing agent it 
introduced into the subject to be examined 
should modify the density of the subject to be e 
introduce density gradients into there. The dens 
contrast-enhancing agent may be higher or lowei 
density of the subject, but is preferably lowe 
density of the subject. For instance, an ultrasound 
agent may be employed. Contrast agents comprising 
of generating dispersions of gas microbubbles are 
since such dispersions are particularly efficient 
low density and ease of compressibility of the 
Thus , ordinary contrast enhancing agents 
diagnostics, such as iodine, which introduce 
gradients into the subject rather than density 
less suitable. Further, the ultrasound 
administered to the subject should be sufficiently 
vivo to be recirculated in the blood stream 
administration, so that it may become equilibra 
blood pool prior to imaging. 


Preferably, Compton scattered radiation is prevented 
detected by means of a one-dimensional gas ionization 
including two electrodes, between which an ioniz^ble 
located, and a radiation entrance arranged such 
ionizing radiation enters said detector sideways 
electrodes, and electrons liberated by interaction 
ionizing radiation and the gas are accelerated in 
essentially perpendicular thereto, wherein th<* 
between the 1 ctrodes is kept short to essentially 
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radiation collimated in a plane between the elqctrod s to 
ionize the gas. Furth r, the detector preferably employs 
electron avalanche amplification; wherein only radiation 
collimated in a very thin plane closest to the cathode 
electrode will be amplified sufficiently to 
contribute to the signal as detected. 


essentially 


An advantage of the present invention is that i 
radiation is used for the detection , there is 
thick filters, the efficiency of the radiation 
increased, the load on the radiation source can 
and the exposure time can be reduced due to the hi 
flux. 
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Further, since a scattered photon deposits only a 
its energy in a subject, whereas a photoelectric alpy 
photon deposits all its energy, the dose to the 
reduced. 


in a particular preferred embodiment of the present 
the above-mentioned novel examination method 
scattering rather than absorption, is combine< 
ultrasound examination method. Here, the contras|t 
agent can be administered to the subject, after 
above-mentioned novel examination method based on 
and the ultrasound examination method are 
preferably simultaneously, using the same contras|t 
agent. This is particularly advantageous for 
examinations, wherein the above-mentioned novel 
method based on scattering provides for the 
high-quality image of a breast to be examined 
extremely low dose to the subject. For instance, 
be 20-100 times lower than in prior art X-ray 
examinations. The ultrasound examination pr 
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ultrasound image, which serves as a complement for 
Some tumors will be better visualized in the 


ultrasc und 


Further characteristics of the invention, and 
thereof, will be evident from the detailed 
preferred embodiments of the present 
hereinafter and the accompanying Figs* 1-4, which 
way of illustration only, and thus are not 
present invention . 
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BRIEF DESCRIPTION OF THE DRAWINGS 


Fig. 1 is a schematic diagram illustrating 
absorption , Compton scattering , pair production 
attenuation coefficients for human tissue as a funct 
photon energy, and a continuous X-ray spectrum of a 
ray source for use in the present invention. 

Fig. 2 illustrates schematically an apparatus for 
used in the present invention. 

Fig. 3 is a flow diagram of a method accordingf to 
embodiment of the present invention. 

Fig. 4 illustrates schematically an apparatus for 
according to another preferred embodiment of 
invention . 
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As can be seen in Fig. 1, which is a 
illustrating photoelectric absorption, Compton scatt 
production and total attenuation coefficient m> B , jic S , 
human soft tissue as a function of x-ray photon 
photoelectric attenuation coefficient |ip E decreases 
law with photon energy, and at about 25 keV 
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scattering att nuation coefficient is comparable 

photoelectric absorption attenuation coefficient j 
about 30 and several hundred kev the Compton 
attenuation coefficient is completely dominating, 
higher photon energies (in the order of 1 MeV) the 
for pair production is increasing rapidly, and 
dominating interaction process. While Fig. 1 is 
example only for human soft tissue, the 
structure of the diagram holds for a large variety of 


with the 
B . Between 
scattering 
whereas at 
probability 
1 lecomes the 
an 

overall 
matter . 


illu strating 


relative 


The Compton scattering attenuation coefficient ^ s 
constant over a large range of photon energies. It 
in Fig. 1 the Compton scattering attenuation 
soft tissue is fairly constant between photon energies 
30 and several hundred keV. 


coef f ic ient 


is fairly 
zan be seen 
Hcs for 
of about 


Further, the photoelectric absorption attenuation coe 
is heavily dependent on the atomic number of the 
which the matter is comprised, whereas the Compton 
attenuation coefficient Hc S is only very weakly 
atomic number. 


depen dent 


Still further, the transmission through matter 
exponentially on the total attenuation coefficient 
density p of the matter, and on the thickness t of 
according to: 


Transmission ~ expC^m^,* p * t)] 

Thus, provided that ionizing radiation with photon 
enough so that Compton scattering dominates over 
absorption is passed through matter, the 
there is only very weakly dependent on atomic 
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matter, and th actual photon energy, but strongly < 
the density of the matter. This is in sharp contrast 
where photoelectric absorption is the dominating 
mechanism. Here, the transmission through the matter 
strongly dependent on the density of the matter, but 
atomic number of the matter as well as on the ac 
energy employed. Thus, if ionizing radiation 
energies high enough so that Compton scattering 
photoelectric absorption was used, it can be broadband 
without having to perform complex calculations to 
any strong photon energy dependence. 
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A typical continuous X-ray spectrum from an 30 kv 
X-ray tube as filtered by a rhodium filter for 
mammography examinations according to prior art is 
indicated in Fig. 1 by a dash-dotted line. Here, 
absorption dominates over Compton scattering. A bro 
spectrum from an 80 kV tungsten-based X-ray tube 
with a copper filter is indicated by a dashed 
broadband radiation spectrum is displaced towards 
energies , at which Compton scattering 
photoelectric absorption. 
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elevati on 


Fig. 2 illustrates schematically, in a side 
apparatus for radiography for use in the present 
apparatus comprises, as seen from left to right, an 
1, a filter arrangement 4, an optional source 
detector device 11. 


apert are 


The X-ray source may be a tungsten-based X-ray tube 
X-ray radiation beam within a wide energy spectrum 
filtered by means of the filter arrangement 4 at tije 
the X-ray source 1. The filter arrangement 4 dif 
conventional filter in the sense that it transits 
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energies, and pr ferably a much wider spectrum, such 
broadband X-ray spectrum illustrated in Fig. 1. Th 
beam as filtered is subsequently passed through 
source aperture 5 to collimate the beam. Preferably 
and size of the source aperture 5 is adapted to the 
size and kind of detector device 11. Thus, gi 
dimensional detector device, the aperture 5 is desi 
slit-shaped radiation transparent window, and 
rectangular two-dimensional detector device, the ap 
preferably designed with a rectangular radiation 
window. 


as .g. th 
radiation 
the optional 
the shape 
particular 
en a one- 
jned with a 
given a 
»rture 5 is 
transparent 


The source collimator is optional and is used to 
to the subject to be examined in case the subject 
organism or part thereof, by producing a beam of x 
only illuminates the sensitive areas of the detector 


red* ce 


The radiation beam 3 as filtered and optionally 
enters a region, where a subject, subject-matter, matter 
or patient 7 to be imaged is located. In the subject 
photons may be photoelectrically absorbed, some may 
and Compton scattered (indicated by rays 3a in Fig. 
photons may be converted into electrons and positrods 
production process, where these electrons and positrons 
rise to emission of X-ray photons (indicated by ray* 
1). The various processes depend on elemental compos 
subject 7 and on the photon energies of the incideijt 
beam 3. 


7 without 
, while the 


The radiation beam transmitted through the subjec 
being deflected is detected by the detector device 1 
scattered radiation is prevented from being detected Typically, 
however, small amounts scattered radiation might en4er into the 
detector device 11 and blur the image recorded. 
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According to the present invention the filter 
adapted to the elemental composition of the 
imaged in a manner such the radiation beam as 
within a spectral range so that more photons of 
beam as filtered are Compton scattered than 
the photoelectric effect in the subject 7, i 
Compton scattering dominates over photoelectric absc 
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subje< :t 


the 
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radiation 
through 
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rption. 


In the case of human soft tissue, such as breast 
filtered radiation may be broadband X— ray radiation 
and 300 JceV (i.e. similar to the broadband radiatipn 
of Fig. 1), preferably between 20 and 100 ke¥ 
preferably above 30 keV. in other applications t 
radiation may be radiation above 30 keV. 
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Alternatively, the filtered radiation is in a spe 
such that at least 2 times, more preferably at 
and most preferably at least 10 times more 
filtered radiation are Compton scattered than 
the photoelectric effect in the subject 7, If 
filtered radiation should be in a spectral range 
photoelectric absorption does not essentially oc 
subject 7. 


The detector 11 has preferably an elongated openinj 
of the ionizing radiation; and a row of individu 
elements arranged essentially parallel with the 
opening; and is of the kind wherein charges 
generated by interactions between the ionizing 
detection medium within the detector and trave 
direction essentially perpendicular to the ionizinc 
are detected by the row of individual detector elements 


rtral range 
5 times, 
of the 
through 
possible the 
at which 


:ur in the 


for entry 
al detector 
elongated 
or photons 
and a 
ling in a 
radiation, 


radi ation 


11 


10 


15 


20 


:^5 


para Llel 


The detector is preferably a gaseous-based 
detector operating in avalanch amplification mode, 
signals in the individual detector elements 
essentially only from ionization within a thin layer 
be at least 2-5 times thinner than the inter-platts 
This advantageous behavior is obtained as the ampli 
exponential and electrons liberated closer to the 
detector elements will not be able to produce 
enough . 


plate 
therein th 
originate 
which may 
distance • 
ication is 
individual 
signals strong 


For further details regarding different kind of de 
use in the present invention , reference is made to ttfe 
U.S. Patents by Tom Francke et al. and assigned to 
of Sweden , which patents are hereby incorporated by 
Nos. 6,118 f 125; 6,373,065; 6,337,482; 6,385,282; 
6,476,397; 6,477,223; 6,518,578; 6,522,722; 
6,556,650; 6,600,804; and 6,627,897. 


gener ally 


Alternatively, the detector device 11 may more 
one- or two-dimensional detector, which is 
discriminating scattered photons to a large extent 
may preferably any of a TFT-based detector; a 
based detector; a solid state detector such as a 
CdZn- or CdZnTe-based detector; a gaseous-based 
combination thereof, and is advantageously provid 
anti-scatter device, particularly an array of 
transparent channels arranged in front of the detectlor 
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In order for the invention to operate properly, th* 
radiation has to be discriminated from being det 
especially large extent. Preferably at least 
preferably at least 99%, and most preferably at leabt 
the Compton scattered radiation in the subject 7 if 
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from being detected. The parallel plate det cto* 
above has been shown to easily fulfill such a 


requii ement 


By means of primarily using ionizing radiation 
energies where Compton scattering dominates over 
absorption , and by detecting the transmitted 
separate from the radiation scattered in the subj 
of advantages arise: 


at photon 
photoelectric 
radiation 
ecfc, a number 


Since the radiation is primarily scattered 
subject 7 and not absorbed in it, the radiat 
the subject is reduced. At photon energies o|f 
Compton scattered photon deposits only about 
energy compared to a photoelectrically absorbec 


• The filters may be made thinner since the 
not to be that heavily filtered (due to 
scattering attenuation coefficient compare|d 
photoelectric absorption attenuation coeffic 
radiation is scattered in a thin filter than 
filter, which means that the scattered radiatifcn 
filter arrangement 4 is reduced as compai 
conventional filter arrangement. 


The efficiency of the X-ray tube is increased sine* 
larger portions of the emitted spectrum are ubable. This 
means also that the load on the X-ray tilbe 
lowered. The exposure time can also be reducec 
higher X-ray photon flux obtainable. 
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The attenuation coefficient for Compton 
photon energies of 10-300 keV is only weakly c 
atomic number and photon energy, and thus 
the image captured are essentially due to 
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subject thickness is constant, or known am 
for. 


The last advantage can in some applications be a 
the density variations are very small as they can 
mammography examinations the contrast in the image 
low. 
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However, a solution to this comprises, in accordance 
present invention, to use a contrast-enhancing agenb 
10 suitable for the above-described X-ray imaging 

suitable contrast-enhancing agent should modify the 
the subject to be examined and introduce dens it; 
into there. For instance, an ultrasound contrast 
employed. Contrast agents comprising or capable of 
15 dispersions of gas microbubbles are preferred, 
dispersions are particularly efficient due to the 
and ease of compressibility of the 
ordinary contrast enhancing agents for X-ray 
as iodine, which introduce atomic number gradients 
20 subject rather than density gradients, are lesf 
Further, the contrast agent administered to the 
be sufficiently stable in vivo to be recirculated 
stream following administration, so that it 
equilibrated in the blood pool prior to imaging 
"25 contrast agents, which have been described for 
examinations, and which are suitable in the preserjt 
are disclosed in the U.S. Patents Nos. 6,645,147; 
6,547,738; 6,409,671; 6,375,931; 5,772,984; 5, 
5,236,693, the contents of which being hereby i 
"3 0 reference. 
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Thus, a method for examination of a subject acccjrding 
preferred embodiment of the invention, being il 
Fig. 3, comprises the following steps. 


lltistrated 


Ionizing radiation is provided, in a step 31 , 
spectral range so that more photons of said ionizing 
are Compton scattered than absorbed through the 
effect in the subject to be examined. That is, 
scattering should be the dominating interaction 
the interactions of the incident ionizing radiatidn 
subject. Preferably, the energy of the radiati 
should be selected so as to minimize the 
photoelectric absorption in the subject given 
constraints, such as e.g. characteristics of th< 
source used, available radiation filters, require! 
flux, etc., as imposed by the particular applicat 
the radiation spectrum profiles disclosed in this 
may be employed depending on the actual circumstances 


A suitable contrast-enhancing agent is, in 
administered to the subject to be examined, 
contrast-enhancing agent introduces density variations 
subject. The contrast-enhancing agent may be 
contrast-enhancing agents indicated above. 
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The ionizing radiation is then, in a step 33, 
and passed through the subject. In the 
interactions take place. However, the dominating 
mechanism of the incident ionizing radiation with 
is Compton scattering, which, as has been discus seji 
dependent on density, but fairly independent on 
and photon energy (within a given range) . 
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The ionizing radiation as transmitted through 
without being deflected is, in a step 34 , detecteji 
resolved f while the Compton scattered radiation in 
is essentially prevented from being detected, 
purpose , any of the above-described scattering 
detecting apparatuses can be employed. If the 
absorption can be neglected, the signals 
arranged to form an image of the transmission, whi 
a true inverted image , or shadow image , of 
scattering in the subject. Therefore, the image 
spatially resolved density variations in the subjec|t 
variations originally present in the subject as 
introduced by the contrast-enhancing agent* 
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In a further preferred embodiment of the present 
being illustrated in Fig. 4, the above-] 
examination apparatus based on scattering 
absorption, is combined with an ultrasound 
apparatus . 


arrange ment 


The X-ray detector device 11 and the X-ray source 
41 including the X-ray source 1, the filter 
the optional source aperture 5 of Fig. 2, are 
opposite sides of a subject to be examined, such 
42. An ultrasound examination apparatus 43 
adjacent to the X-ray detector device 11. A device 
a syringe, is provided for administering an 
contrast-enhancing agent to the subject 42 . 


Prior to examination the ultrasound contrast-enha icing 
is administered to the subject 42, after which thp 
imaged, preferably simultaneously, by the X-ra|y 
device 11/ X-ray source arrangement 41 


corobinati on 


invention, 
mentibned novel 
ri tther than 
examination 
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ultrasound examination apparatus 43 using the 
contrast-enhancing agent administration. 


detection 


10 


This is particularly advantageous for 
examinations, wherein the above-mentioned novel 
method based on scattering provides for the 
high-quality image of a breast of the subject to b 
causing an extremely low dose to the subject. Fo 
the dose may be 20-100 times lower than in prior 
mammography examinations. The ultrasound examination 
an ultrasound image , which serves as a comp 
diagnosis. Some tumors will be better 
ultrasound image. 


visuali2ed 
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CLAIMS 

1. A method for examination of a subject , charac 
b y the steps of : 


t e r i z e d 


- administering (32) a contrast-enhancing agent int > a subject 
(7 , 42) to be examined, said contrast-enhancing agent 
introducing density variations in said subject; 

- directing (33) ionizing radiation (3) towards saj.d subject; 
and 


detecting (34) ionizing radiation spatially 
transmitted through said subject, while Compton 
radiation (3a, 3c) in said subject is essentiall 
from being detected, wherein 


Resolved as 
scattered 
prevented 


- said ionizing radiation directed towards said 
provided (31) within a spectral range so that more 
said ionizing radiation are Compton scattered 
through the photoelectric effect in said subject 
detect the density variations introduced by the 
enhancing agent in said subject spatially resolved 


2, The method of claim 1 wherein said contrast-enhancing agent 
is a contrast agent for ultrasound examination. 

3. The method of claim 2 wherein said contrast-enhajncing agent 
comprises, or is capable of generating, dispersipns of gas 
microbubbles . 


4. The method of claim 2 or 3 wherein said method 
with a spatially resolved ultrasound examination 
spatially resolved ultrasound examination 
performed using said contrast-enhancing agent 


subject is 
photons of 
thin absorbed 
to thereby 
contrast- 
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detect the density variations introduc d by saicf 
enhancing agent in said subject spatially r solv 
said ultrasound examination method. 

5. The method of any of claims 1-4 wherein said 
human tissue, preferably a breast. 


contrast- 
ed also by 

subject is 


6. The method of claim 5 wherein said ionizing 
provided as broadband X— ray radiation between 10 
preferably between 20 and 100 keV, and more 
30 kev. 


r idiation is 
aid 300 keV r 
above 


pref e :ably 


7. The method of any of claims 1-6 wherein sa 
radiation is provided as radiation above 30 keV. 

8. The method of any of claims 1-7 wherein sa 
radiation is provided within a spectral range 
photoelectric absorption does not essentially ocqur 
subject. 


9. The method of any of claims 1-7 wherein sa 
radiation is provided within a spectral range 
least 2 times, preferably at least 5 times, 
preferably at least 10 times more photons of 
radiation are Compton scattered than absorbed 
photoelectric effect in said subject. 

10. The method of any of claims 1-9 wherein 1 
detecting ionizing radiation spatially resolved as 
through said subject is performed by means of a g 
parallel plate detector comprising an ionizable gas 


11. The method of claim 10 wherein electrons re 
result of ionization of said ionizable gas by safrd 
radiation are avalanche amplified before being detected 
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12 • An apparatus for radiographic xamination of a 
42) comprising: 


- an X-ray source (1) emitting broadband ionizing rac iation (3); 


- a filter arrangement (4) arranged in front of 
source for filtering said emitted broadband ionizing 


- a subject region provided for housing said subjject 
said radiographic examination and arranged so 
filtered broadband ionizing radiation can be 
said subject; 


transmit ted 


a device (44) provided for administering 
enhancement agent into said subject; and 


- a detector device (11) arranged to record an 
filtered broadband ionizing radiation as being 
through said subject, characterized in that 


- said filter arrangement has a filter function 
the subject to be measured so that said ionizing 
filtered is within a spectral range so that more X 
of said ionizing radiation are Compton scattered ( 
absorbed through the photoelectric effect in said 


- said device (44) provided for administering 
enhancement agent into said subject, is 
administering a contrast-enhancement agent into 
which introduces density variations in said subject 


- said detector device is arranged to essentia 
Compton scattered radiation (3a, 3c) in said 
being detected. 


ubj ct (7, 


said X-ray 
radiation; 


during 
that said 
through 


contrast- 

im£ge of said 
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d spending on 
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13. The apparatus of claim 12 wherein said contrast 
agent is a contrast agent for ultrasound examinatior 


14. The apparatus of claim 13 wherein said contrasjt 
agent comprises, or is capable of generating, 
gas microbubbles • 


-enhancing 
disbersions of 


CO] 


15, The apparatus of claim 13 or 14 further 
spatially resolved ultrasound examination apparatus 
spatially resolved ultrasound examination appar 
provided to use said contrast-enhancing agent 
detect said density variations introduced by s 
enhancing agent in said subject spatially resolved 


ai 


16. The apparatus of any of claims 12-15 wherein s|aid subject 
is human tissue, preferably a breast. 


17. The apparatus of any of claims 12-16 wherein 
arrangement has a filter function so that 
radiation as filtered is provided within a spectral 
that at least 2 times, preferably at least 5 time^ 
preferably at least 10 times more photons of 
radiation are Compton scattered than absorbed 
photoelectric effect in said subject. 


sai d 


sa ,d 


18. The apparatus of any of claims 12-17 wherein 
device is a gaseous-based parallel plate detector 
an ionizable gas. 


19. The apparatus of claim 18 wherein said detectopr 
an electron avalanche detector, in which electrons 
a result of ionization of said ionizable gas by sc 
radiation are avalanche amplified before being detected 
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A method for examination of a subject comprises th 
administering (32) a contrast-enhancing agent intc 
(7, 42) to be examined, the contrast-' 
introducing density variations in the subject; 
ionizing radiation (3) towards the subject; and 
ionizing radiation spatially resolved as transmit 
the subject , while Compton scattered radiation {3a 
subject is essentially prevented from being 
ionizing radiation directed towards the subject 
within a spectral range so that more photons of 
radiation are Compton scattered than absorbed 
photoelectric effect in the subject to thereby 
density variations introduced by the contrast- 
in the subject spatially resolved. 


-enhancing 
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steps of : 
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The 
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detect the 
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(Fig. 3) 
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